Summary. This paper is devoted to path planning when the safety of the system considered has to be guaranteed in the presence of bounded uncertainty affecting its model. A new path planner addresses this problem by combining Rapidly-exploring Random Trees (RRT) and a representation of uncertain states by vectors of intervals. The resulting path planner is used for nonholonomic path planning in robotics.
Introduction
Robotics is a challenging and important field of application for validated numerical methods. Problems are often solved in this context by using local and random search algorithms, with no guarantee as to their results. A definite advantage of interval analysis is that it provides tools to obtain approximate but guaranteed results that take into account the uncertainty in the data and errors resulting from the finite nature of the representation of real numbers on a computer, see, e.g., [6] . This paper focuses on reliably safe path planning [9] using interval analysis. In robotics, our aim is to find a path for driving a vehicle (or, more generally, a robot) from an initial (potentially uncertain) state or configuration to a final desired configuration, despite the presence of uncertainty related to the model of the vehicle, to badly charted obstacles in the environment, etc. The control input and the corresponding paths (succession of states) that achieve this goal while eliminating the risk of collision are said to be safe.
Path planners involving Rapidly-exploring Random Trees (RRT) [10, 12] are widely used, since they allow an efficient exploration of configuration space. To the best of our knowledge, however, they do not provide any robustness to uncertainty. When taken into account, configuration uncertainty is usually described probabilistically, e.g., by a multivariate Gaussian probability density function [3, 8, 16] . The main drawback of path planners based on such a description is that the reliability of the path obtained may be guaranteed at best up to a given confidence level. Path planning may be facilitated by the presence of relocalization zones, in which the configurations become much more accurately known [2, 4, 13] . The price to be paid is the preparation of these relocalization zones, which are not a prerequisite here.
The problem is formalized in Sect. 2. A reliably safe path planner, Box-RRT, is then presented in Sect. 3. Starting from some uncertain initial configuration (represented by a vector of intervals or box [6, 14] ), Box-RRT aims at driving the vehicle to a final configuration set. Provided that the assumptions on the error bounds are not violated, if a path is found using this new path planner, it will be guaranteed to be safe. Section 4 applies Box-RRT to path planning for non-holonomic vehicles. Some conclusions are drawn in Sect. 5.
Reliably Safe Path Planning
Consider a vehicle described by the state equation
where s(t) ∈ S ⊂ R n is the configuration of the vehicle, u belongs to U [u] , the set of piecewise-constant input functions over intervals of the form [kΔt, (k + 1)Δt [, and bounded in [u] , with Δt > 0, and w belongs to W [w] , the set of random perturbation functions with values in [w] .
Δt
The configuration space S is partitioned into S free , to which the configuration is allowed to belong, and S obs = S \ S free , to which it is not. At time The main difficulty is that for a given u ∈ U [u] , the values of s(t) consistent with all s ∈ [s init ], w ∈ W [w] , and (1) belong to a set S t , the shape of which may be quite complex.

Box-RRT
To cope with an uncertain initial configuration and bounded state pertubations, the classical RRT path planner [10, 12] has to be adapted to deal with sets. Dealing with general sets of R n would be exceedingly difficult, even for the simplest uncertain state equations, so here, boxes will be used to wrap uncertain configurations sets S t at each instant of time t. Boxes are quite simple sets, which may provide a very coarse description of complex-shaped sets. Using more accurate wrappers (ellipsoids, zonotopes, or union of interval vectors) may increase the number of problems to which solutions may be found, see [15] .
